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BACKGROUND OF THE INVENTION 

The invention relates to a method and ar. 
apparatus for deteutxiiy paper material of paper and/ 
wore particularly, to a method and an apparatus for 
S paper material discrimination of an apparatus which 
handles paper such as securities, bill, or th« liks. 

As a method of detecting a paper material of 
peipei-/ as disclosed in JP-Jl-8-180189, there is a 
technique made by paying attention to a peculiar 
10 structure of paper fibers which are formed in a 

manuiacturing step of the paper. Arrording to sucri a 
tedanitjue, a lattice-like light/donee pattern which is 
derived from the structure (regular pattern which is 
laced into paper) that is peculiar to a specific bill 
15 is fetched and data is analyzed, thereby discriminating 
the paper material, as disclosed in ap-A-il-i33620, 
there is also a method of discriminating a paper 
material from a time that is required Cor uonveyihy 
paper for a predetermined distance by using a principle 
20 such that friction upon conveyance differs depending on 
a paper material of a paper. 

As disclosed in JP-A-10-2321SS, there is a 
technique regsirdiiiy a discriminatinq method of a paper 
par.K whfirfihy s material of the paper containing no 
25 metal can be discriminated. According to such a 
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tftchnique, by irradiating a near-inf rarad light onto 
the paper pack and specifying a wavelength at a peak of 
abeorbancs of a wavelength of the near-infrared light 
LhaL is paculiar to the material, a kind ot paper pack 
5 is discriiminated. 

The lattice-like light/dense pattern to which 
thP. attfintinn has been paid in JP-A-8-180189 is laced 
into the paper which is used for the bill to identify 
the authentic bill. However, even In case of the same 
10 paper material, if the manufacturing steps are 

different, the light/dense pattern chsiuyes, Thexe is, 
r.nn se<iusTirly, a problem such that tha paper material 
cannot be preoiDely discriminated by one data analysing 

method due to an influence by a variation of the 
15 lattice-like light/ dense patterns. According to the 
technique of JP-A-ll-lSSeZO, there is d problem such 
that since a degree ot the fricti nn nr hardnesfi of thfi 
paper fluctuates due to an influence by humidity/ a 
deterioration of the paper material, or the 113ce, such 
20 a technique can be applied only in a limited situation. 

Further, according to the technique of JP-A- 
10-232166, in order to specify the wavelength at the 
peak of the absorbance, aiaounte of all of the 
reriecLion lights within a range from 800 nm to 2500 raci 
2fi have to be obtained. There is^- conssguently, a problem 
such that a time which is required for such a purpose 
is too long v/ith respect to the paper such as 
securities, bill, or the like in which a high speed 
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process ia necessary. 

SUMMARY OF THE INVENTION 

IL is an object of the invention to provide a 
technique for discriiainatiiig a paper material independ- 
5 ent of a light/detise pattern which is caused by a 
difference at manufacturing steps. Jinother object of 
the invention is to provide a technique for disci-iiai- 
iiaLinq a paper material of paper without being 
influenced by huaidity or paper material. Furtaer 
10 another object of the xnveiiLion is to provide a 
technique for making a precise discrimiixatior. of a 
paper material at a high speed. Other objeuLa will be 
obviously understood from thn following deiailed 
description . 

15 i^ccording Lu Lhe invention, lights of 

different kinds nf wavelengths are irradiated onto 
paper and absorbancea of reflected lights are measuredf 
thereby discrimlna-ine tlie paper material of the paper 
from a difference between the absorbances. More 

20 specifically speaking, absutbances in two infrared 
lights of diSrerent wavelengths are obtained and the 
paper material is discriminated by a degree of 
diflarerice between the absorbances, that 1jg, an 
ansorbance difference or an absorbanco ratio. 

25 Other objecLs, features and advantages of the 

invention will becoTnp. apparent from the following 
description of the embodiments of the iuveuLion Laken 
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in conjunction with tlie accoiapanyiug drawiugs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a block diagram of a measuring 
apparatus for discriminating a paper material of paper 
5 according to an eniljudiinenL of the invention; 

Fig. 2 is flowchart for processes for paper 
material discrimination of the paper according to the 
snibodiment o. the invention; 

Fig. 3 is a diagram showing an abaorbance 
10 difference (x'ellecLinq method) of each paper; 

Fig. 4 is a diagram showing an absorbance 
difference ( transmitting method) of each paper; and 
Fig. 5 is a diagram showing an ab-sorbance 
difference {transmitting method correction) . 

15 DifiTAILED DE.Sr.RTPTTON OP EKBODIMENTS 

To make the present invention, spectra of 
near-infrared lights were analyzed with respect to a 
variety of many paper. Thus, a plurality of wave- 
lengths showing absorption degree which ig peculiar to 

20 each paper with respect to the absorption degree have 
been found out. By obtaining an absorption degree 
difference by a combination of the absorbanoe.s at those 
wavelengths and using the absorption degree difference/ 
the paper material can be precisely discrlmlnatBd at a 

25 high speed independent of a light/dense pattern caused 
due to a difference of manufacturing steps, and the 



RECEIVED PE6-13-02 tMSAM FR0M-B1 332460902 



TO- M^niHGLY, STAHfiER PAGE 008 



20C2I 2^130 :mn ASAMURA 61 3327()5fl76 NO. 2266 P. 



paper material of the paper can be diecriminatcd 
wiLhouL beinq inriue-iced. by humidiLv axid deLeriuraLioii 
in paper material. Aa embodiment of the invention will 
now be described hereinbelow with reference to the 
5 drswi ngs . 

According to the embodiment, the photometric 
operation is executed by using two kinds c£ lights 
belonging zo a wavelength range between SOO im. and 2200 
nm, and the paper material of the paper is discrimi- 

•'.ft nated by using tneir photometric values. In the 

eitibodiment, such a wavelength range between 800 rm and 
2200 nm is referred to as a near- infrared liffht range. 

Fig. 1 shows a measuring apparatus for 
realizing the invention. This measuring apparatus 1 is 

15 built in a bill discriminating apparatus, an automatic 
bill handling apparatus, or the like (not shown) . 

The maasurinq apparatus 1 is constructed by: 
a light emitting unit 2 for irradiating lights of 
different wavelengths; a photosensing unit 3 for 

20 receiving reflection lights obtainfici when tns lights 
emitted from the light emitting unit 2 are reflected by 
paper; a aLorinq unit 4 for storing a table in which 
paper Ttiatsrlals of the paper and an absorbsncs 
differer.ce of the paper materials are stored as a pair; 

25 a control unit 5 for calculating the absorbanca 

difference from the reflected lightc received by the 

photos er.sing mill 3 and discriminating the paper 
material with reference to the -able (not shown) stored 
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in the storing uiilL 4; and a display unit 6 for 
displaying a discrimination result of the control unit 
5. 

The llgnt emitting unit 2 can have two 
5 indepandent light emitting units each for generating a 
light of a specilic: waveleng-h width or nan be also 
constracted so as to generate two wavelengths by a 
filter. It is also possible to construct the apparatus 
in a manner such that a plurality of different 

10 wavelengths are generated by the ligh- emitting unit 2 
and d IllLer for transmitting the two wavp.lfingths is 
provided for the photosensing unit. 

In the constiuuLlon of rig. i, rhe absorbance 
is obtainfld by the reflecting method of measuring 

15 attenuation amounts of the reflected lights which «e 
obtained when the lights for measurentftrt are reflected 
by the paper. However, the absorbancc can be also 
obtained by the Lraiiamlttinq method of measuring 
attenuation amnr.nts of the transmitted lights which are 

20 obtained when the lights for measurearient pass -hrough 
Lhe paper. One of those methods can be used, in the 

©mbodiaent, in both of the transmitting method and the 
reflecting method, the absorbance dif-exejice ui- Lhe 
absorbannfi ratio between two wavelengths is used as a 
25 parameter for discrimination. 

If the two wavelengths which are used ars 
assumed to be Dl and D2 (Dl < D2) , an absorbancc 
difference DA between two wavelengths is defined by the 
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following equation (1> . 

DA = L0G(1„/Im,c) - -OR(TDi/lDi,c) ... (1) 
where, 

Ini,of Id2,oJ light intensity of the reflected ligh- 
5 at Dl or D2 when no paper exists 

Ita/ lui: light iiiteiislLy ol the reflected light 

at Dl or D2 when paper exists 
^Bi,c/ Id2,o/ Id:/ Id2' light intensity of the 

transmitted ligJit in case of using the 
10 transmitted light 

Simildrly, an absorbance ratio Ar between two 
wavelencfths is detinsd by the follewing eq-jation (2). 

Ar - LOC(lDi/lEi,o)/LOG|lD2/lD2.o) (2) 

As two kinds of lights which are used for fcha 
15 photometric operation, the following point a have been 
fouiid by analysis of tlie foregoing spectra. That in, 
it is most desirable to use wavelengths within ranges 
of ±30 nin around 14SQ lua and 2100 nm tiis uenLers/ 
respectively. Although wavelength bands of thfi lights 
20 which are used are not particularly limited/ iz is 

assumed that the lighLu wlLhin a range between 1 nm and 
BOrnn can be used. 

In the wavelength bands near 1460 nm and 2100 
ran/ an influence by a variation of aJasorption of each 
25 bill that is caused by the manufacturing step of the 
lattice-like liyhL/dense pattern as a tint block of the 
bill is small. Thsrefors, by using the absorption 
degree of each paper in those wavelength banda, Lhe 
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paper material itself can be discrimiridted independent 
of the lattlce-llKe light/dense pattern. By combining 
characteristics of the absorption degrees to the 
lattice-like light/dense pattern ac those wavelengths, 
fi that is, by using the absorbancs difference at those 
wavelengths, an offset reqardiiig the lattice-like 
lisrht/dense portions of the bill is oBrformad. Thus, 
tha papet material can be discriminated at further hiqh 

pcecisiuxi. 

lU Further, in. the wavelength bands near 14Q0 nm 

and 21Q0 vox, the absorptiou intensity dlffersnce at 
each wavelength changes in accordance with a content of 
amyloso (containing amylopectin) in cellulose. 
ThererocB, by obtaining an absorption degree of each 
15 bill at each of those wavelengths/ the content of 

amylose ca:i be deLermined and a material which is used 
tor the bill can be eventually determined. 

Absorption due to the absorbed moisture 
content appears strongly in rhe range between 1900 nm 
20 and 2C0C nm. A change in paper material in association 
with deterioration (increase in absorption due Lo 
yellowing or the like) appears strongly mainly in a 
visible light range of 800 nm or less. Therefore, by 
measuring the absorption degrees at the above 
25 wavelengths, an influence by those environments and an 
influence by the deter lotsi Lion are also reduced and 
more precise disoriminatio-n can be made. 

A processing flow for paper material 
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diaoriaiiiiation of paper accorUiug Lu Lhe enibodiiiieiit 
will now be described with retfir«Tic© to Fig. 2. 

First/ the light emitting unit 2 irradiates 
two kinds ol llghtis of different wavelenfffns to paper 
5 as a measurement target (step 11) . Subecquently, the 
photos ens ing unit 3 receives the reflected ligiits from 
the paper (stsp 17), When the photosensing unit 3 
receives the reflected lights, the con-rol ur-it 5 
jtieaaures an absorbance Spectruia of each of the received 

10 reflected lights (step 13) and calculates an absorbance 
difference between two reflecLed lights (step 14) . The 
control unit 5 rii scriminates the paper material of the 
paper with reference to the correspondence table (nut. 
Bhown) of Lhe paper material and the absorbance 

lb difference stored in the storing unit (step L5J . 

Fig. 3 shows laea^jursment results obtained by 
measuring the absorbanr.e difference between two 
wavelengths by the reflecting method. As papei, Lhe 
following pieces of paper are used! that is, normal 

7.0 copy paper (1); color copy papar A (2) and B (3)/ 

surface coated paper A (4) and B (5); delmiiyna paper 
(6); Insulative kraft papfir (7); filter paper (8); a 
bill A (9); a bill B (IC); and a bill C (11). A 
reference xiumeral written In ( ) denotes the number of 

25 each papnr shown on an aKis of abscissa in Fig. 3. 

First, a recording apecLrometer Ih which an 
integrating sphere unit witJi s bore of 150 mm has been 
installed is used as a measuring apparatus. K size of 
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test piece of each discriiaindtioii Larget paper Is set 
LO about 50 squars mm (however, the bills are used in 
their own states) . (Reflection) absorbance apBcLra of 
those Lest pieces are measured in a wavRlsngtl- tangs 
5 betwesn 900 nn and 2200 nm. 2ibsorbances a" two 

wavelengths (1480 nm, 2100 im) are read out from thR 
obtained spfir.tra and an absorbanca difference ie 
calculated by using ths above equation (1) , Thus, 
distinct dlCEerences could ba confirmed in accordance 
10 with the paper matotiala of the paper as shown in Fig, 
4. 

rn the experiments, the absorbancc spectra 
have been measured in the wavelength raxKjcs between 900 
nm and 2200 ran, the abscrharces for two different 

15 wavelengths are obtained in the measuring apparatus. 
As mentioned above/ by using the absorbance of each 
paper tor the infrared lights of two specific 
wavelengths, the high precise UiscriminaLiDn which is 
hardly influenced by a tin- biock of thfi discrimination 

20 target paper can be pron^tly realized by a simple 

construction , Puxther/ according to the invention/ two 
. wavelengths wh-.ch are effective to datermine contents 
in amylose arc used for paper material discrimination. 
By using such a construction, thP. papar material is 

7.S discriminated from the contents in amylose and, 

further, the bill usinq such paper can be effectively 
discriminated. 

At a point when the present iiiveiiLion has 
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been made/ as a speed of th@ uui:veylnq mechanlsci of the 
bill as a discrimination target, a speed in a range 
between hundreds of sheets per second and thousand and 
several hundreds sheets per second ia required. 
5 Therefore, a similar bill diacriminating speed is 
required. In order Lo make precise discrimination of 
thp. psp«r material at such a high speed, the technique 
of the embodiment is very effective. 

JUiother embodiment of the invention will now 

10 be described. The embodiment which will be described 
hereinlseluw relaLes to a technique Eor discriminating a 
paper material at high precision wirh respect to paper 
printed and colored with dye, pigment, or the like 
having an Influence of absorption in a near-infrared 

15 range. According to a construction of the embodiment/ 
the ptijiLed and colored paper is photometered by using 
three Ifi.nds of lights within a wavelength range between 
BOO nm and 2200 nm, and in the disurlminaLlon of the 
paper material of the paper, an inriuence nn 

20 photometric values by the print ox the like performed 
on the surface of the pstper is corrected. 

Mong the lights which are used for those 
three kinds of photometric operations, two wavelengths 
on the long wavelength side become the photometric 

25 wavelengths for discriminating the paper material 
itself of the p^pe^. As such two wavelengths, IC Is 
desirable to i^ss wavelengths in ranges within ±30 nm 
around 1480 nm and 2100 nm as centers, respectively, in 
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a m&ianii!£ slmllcir to the foregoing embodiment. 
Li]cewis«, wavelength bands of the lights which are used 
are not particularly limited but a WiveltJiiqlh band 
between 1 nm and 60 nm can bs used, respectively. 
5 The third photometric wavelength as a feature 

of the eaibudimsnt is used for ccrrecting an influence 
on a photometric value with regard to paper printed and 
colored with dye, pigaent/ or the like having an 
Influence of absorption in the near-infrarsd range. 

10 That La, when a reflected light amount is attenuatsd 
due be an influence by various dyes and stains, a basfi 
of the abaorbance spectrum increaecG. In such a state/ 
since an absorption peak decreases relatively. It is 
neressa-^y to correct an absolute value by using a 

15 reference value. 

As a third photometric wavelength mentlonsd 
above, in a range between 900 nm and lOCO nm, it is 
suitable Lo select a wavelength band in a range between 
1 ran and 6C nm. With respect to the wavelength band, 

20 it is desirable to use the wavelengwh band aiznilar to 
LhaL of the infrared lights fox obtaining the 
reflection degree as mentioned above. 

A« a photometric method, in a manner similar 
to r.hfi fnr«gning embodiment, either the reflecting 

25 method or the transmitting method car. be used without 
any problem. For both of the transmitting method and 
the reflecting method, the absorbanca difference 
between the two wavelengths which is expraased by Lhe 
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equation (1) or the abaorbance ratio whiuh is expressed 

uhe equation (2) can be used as a psr-ainster for 
discrindnation. 

A msasuEiiig apparatus which is used in the? 
5 ertibodimfint is similar to that shown in Fig. 1 and ita 
procosfiing flow ia also similar to Lha- shown in Pig. 
2. The eicbodiment 2 differs from the embodiment 1 with 
respect to a point such that a portion for executing 
the correctijaq process of the photometric value by 
10 using the light of tho third photoraetric wavelength 
with regard to the printed and colored paper is the 
control unit 5. 

The correcting process uses the following 

equciLlons. 

15 AI, '1,-1, .„ (3) 

I{New)i/IiC{Uaed) = C ... (4) 

Correction vaina AT^' = AI^/C ... (5) 

In this case, the absorbance difference 
between two wavelengths is measured' in a manner similar 
20 to Fig. 4. Although the absorbancoe haVc been derived 
by using the transmitting method, unlike Lhe case of 
Fig. 4/ a measuring apparatus and a size of each test 
piece are siioilar to thoise upon measurenient of Fig. 4. 
As ydper, the following pieces of paper are usad: that 
25 is, Tiomal copy paper (1); color copy paper A {2) and B 
(3)? surface coated papei A (4) and B (5); delumyna 
paper (5}; insulariva Jcraft paper (7); filter paper 
(8)f a bill A (9); a bill D {10> ; and a bill C {11). 
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Fig. 4 shows the absorbance dillerence 
(obtained by the transmit-ting method) of each paper. 
As ahovm in Pig. 4, the difference according to the 
paper material of ths paper could be confjrrofld- 
5 How^vei:, the test pieces in vhich the absorb&nce 
differences are close although there ace absorbance 
differences axiat as shown in the test pieces of Nos. 
6f 9, and XI. Therefore, by correcting the above 
(transmission} absorbance into thp. absorbancs per unit 

10 thickness, results as shown in Pig. 5 are obtained. 
The distinct diffefaucas according xo the paper 
material of the paper could be confirmed, Aa mentioned 
above, the thiokneas correction is suitable for paper 
material discrimination ot the. paper of different 

15 thicknesses . 

It should be further understood by those 
sicillftri in the art that the foregoing description has 
been made on embodiments of the invention mid LhaL 
various changes and modifications may Jae madR in t.ne 

20 invention without departing froai the spirit of the 
invention and the scop«£ u£ Lha appended claims. 
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